Aim: The aim of the study was to assess the efficacy of pegylated interferon (Peg-IFN) α-2a and ribavirin (RBV) combination therapy in treatmentnaive patients with chronic hepatitis C in Estonia.
INTRODUCTION
Hepatitis C virus (HCV) is a leading cause of chronic liver disease, end-stage cirrhosis, and liver cancer worldwide (1) . As a result, long-term care and liver transplantation are needed, which consequently imposes a significant burden on the health care system.
The estimated global prevalence of HCV infection is around 3%, corresponding to 170 million infected people (2, 3) . In different European countries the prevalence of HCV ranges between 0.1and 5% (4, 5) . According to an educated guess, up to 1% of 1.34 mln of Estonian inhabitants are infected with HCV, and this virus was reported as the main aetiological agent for chronic hepatitis in Estonian patients (6, 7) .
Several risk factors for HCV infection are well established. In Estonia, HCV transmission via medical interventions including transfusion of blood and blood products and surgery has declined significantly since the mid 1990s. From 1996 up today, injection drug use (IDU) has become the most common mode of infection (6, 7) . However, for 50−60% of all notified HCV cases the source of infection remains unknown.
There is no vaccine and no post-exposure prophylaxis for HCV. The current standard of care for patients with chronic hepatitis C (CHC) is based on combination treatment with pegylated interferon-alpha plus ribavirin (Peg-IFNα/RBV) administered for 24 or 48 weeks depending on the viral genotype (8) . The primary goal of antiviral treatment for chronic hepatitis C is a long-lasting HCV eradication.
In Estonia, treatment principles of chronic hepatitis C were introduced in 2001. Nowadays, the enrolment of patients and their further treatment are conducted according to the National Guidelines on the combined treatment of CHC with Peg-IFNα/ RBV, which were approved by the Estonian Society of Gastroenterology and the Estonian Society for Infectious Diseases in 2006 and updated in 2007 and 2010. Annually, around 400 patients with CHC receive combined antiviral treatment.
The criterion for evaluation of therapy efficacy is sustained virological response (SVR), defined as serum HCV RNA undetectable by a sensitive molecular assay at week 24 after the end of therapy (9) . When patients achieve SVR the risk of virological relapse is very low (10) Both viral and host factors appear to be important in the virological response to combination therapy (11, 12) .
The HCV has been classified into 6 major genotypes and a number of subtypes (13) . HCV genotypes have a geographically distinct distribution (14) . In Estonia, subtypes 1b and 3a are predominating alike in other East European countries (15) .
The HCV genotype has emerged as an important factor both in predicting SVR and in determining the duration of antiviral therapy with genotype 1 infections having the lowest response rates and requiring the longest therapy (16) (17) (18) (19) . High viral load, male gender, advanced fibrosis/cirrhosis and older age are the factors associated with a less favourable response to antiviral therapy (20, 21) .
The aim of our study was to evaluate the efficacy of peginterferon alpha-2a and ribavirin therapy depending on HCV genotype, baseline viral load, fibrosis stage, age and gender in treatmentnaive Estonian patients with chronic hepatitis C.
To our knowledge, this is the first systematic study to assess the factors predicting the outcome of Peg-IFNα/RBV combination treatment in patients with chronic hepatitis C in clinical practice in Estonia.
MATERIALS AND METHODS

Patients
From February 2005 to September 2010, a total of 121 treatment-naive patients with chronic hepatitis C visiting the Outpatient Clinic of West-Tallinn Central Hospital were enrolled in our prospective clinical study.
The diagnosis of CHC was based on presence of anti-HCV antibodies in the sera, detection of serum HCV RNA, histologically verified fibrosis stage and clinical follow-up.
The exclusion criteria were age <18 and >63 years, chronic alcohol intake, decompensated cirrhosis, current injection drug use and depression. All patients were serologically negative for antibodies to human immunodeficiency virus and to hepatitis B virus surface antigen.
Patients were systematically questioned about risk factors, including past blood transfusion or surgical procedures, injection drug use, at-risk occupation, and history of hepatitis in the family. They were also asked about possible sources and transmission routes of infection as tattoos and acupuncture.
Patients enrolment and their further treatment were conducted according to the National Guidelines on treatment of CHC.
Complete blood counts, ALT, AST, bilirubin, TSH, and autoantibodies were measured before the start of therapy and during follow-up.
Serum HCV RNA levels before therapy and at week 12 and 48, and 24 weeks after treatment were analysed by a quantitative PCR assay (COBAS® AmpliPrep/COBAS® TaqMan HCV test with a lower limit of detection of 15 IU/mL, the linear range of the assay being from 43 to 69,000,000 IU/mL; Roche, Branchburg).
The HCV genotypes were determined by the hybridization technique using a VERSANT HCV genotype assay (LiPA), Bayer Health-Care LLC, Tarrytown, NY.
HCV RNA and the genotyping assays were performed in the Laboratory of HIV Diagnostics at West-Tallinn Central Hospital.
All patients underwent an ultrasound guided liver biopsy. The range of fibrosis (F) was classified according to the Metavir scoring system from F0 to F4 (cirrhosis).
All patients, depending on the genotype, were administered 48 or 24 weeks standard therapy. The Peg-IFN α-2a (Pegasys, F. Hoffmann La Roche Ltd, Basel, Switzerland) was administered at a dosage of 180 μg/week. The RBV (Copegus, F. Hoffmann La Roche Ltd, Basel, Switzerland) was given per os at a dosage of 1,200 mg/day or 1,000 mg/day depending on body weight (above or below 75 kg), for patients infected with genotype 1b; and at a dosage of 800 mg/day, regardless of the body weight, in patients infected with genotype 3a.
Written informed consent was obtained from all patients prior to the study for use of clinical data and serum samples.
Statistical Analysis
For statistical analysis, the χ 2 test, Fisher's exact test and Student's t-test were used.
Multivariate logistic-regression analysis was used to explore the baseline factors that could be used for prediction of SVR.
RESULTS
The baseline characteristics of the studied patients are shown in Table 1 .
From 121 eligible patients 73 (60.3%) were males with a mean age of 38.3±11.8 years and 48 (39.7%) were females with a mean age of 42.2±11.7 years. No statistically significant difference was found between the ages of two genders (p=0.07).
In total, 76 (62.8%) of patients were infected with HCV genotype 1b and 45 (37.2%) with genotype 3a (Table 1 ). The mean age of patients infected with genotype 1b was significantly higher than the mean age of those infected with genotype 3a (42.7 vs. 35.1 years; p<0.01).
At baseline, the viral load of 75.2% of all patients was higher than 600,000 IU/mL, with no statistically significant difference between the genotypes (76.4% with genotype 1b vs. 73.3% with genotype 3a, p=0.894).
Of all patients who underwent a pretreatment liver biopsy, the grade of liver fibrosis was F0-1 in 91 patients (75.2%); and F2 in 16 patients (13.2%); 14 patients (11.6 %) had advanced fibrosis (F3-4) ( Table 1) .
Medical interventions (52.6%) followed by past IDU (13.2%) and blood donation (7.9%) were the more prevalent risk factors for patients infected with subtype 1b. For patients infected with subtype 3a the most prevalent risk factors were past IDU (40%), medical interventions (22.2%) and sexual contacts (15.6%). Other risk factors as at-risk occupation, tattoo and piercing were of less importance. For 18.2% of the patients risk factors were not identified.
According to treatment response, the patients were divided into three groups: 1) patients who achieved SVR, 2) non-responders
Characteristic
Genotype 1 n=76
Genotype 3 n=45
All patients n=121
Sex, (n, %) Table1. Baseline characteristics of the study patients (NR), i.e. patients in whom sera HCV RNA levels remained stable during treatment and 3) relapsers (RL), i.e. patients who sero-reverted to HCV RNA during follow-up. Treatment outcomes are shown in Table 2 .
A total of 73 of the 121 patients (60.3%) achieved SVR after combination therapy with Peg-IFNα/RBV. The SVR rate was statistically lower for patients infected with genotype 1b compared with patients infected with genotype 3a (46.1% vs. 84.4%, p=0.00004).
Overall non-response and relapse rates were 13.2% (16/ Seventeen patients out of 121 (14.0%) discontinued treatment: 8 patients because of side effects and 9 patients were lost to follow-up.
The mean baseline viral load was 6.02±0.57 log IU/mL which did not differ significantly between patients with SVR (5.94±0.56 log IU/mL) and those with non-SVR (6.14±0.54 log IU/mL, p=0.058).
Out of all patients, 73.3% (22/30) with pretreatment levels of viremia below 600,000 IU/mL achieved SVR versus 57.4% (35/61) with HCV RNA levels above 600,000 IU/mL, although the difference was not significant (p=0.25). Nor was there found significant correlation of SVR with baseline levels of HCV RNA depending on the genotype (P=0.33).
Overall, SVR rate was higher for patients younger 40 years compared with older patients (76.4% vs. 47.0%, p=0.001416) regardless of the genotype.
There was found no difference between the genders in relation to SVR rate (54.8% males vs. 68.7% females; p=0.13).
The SVR rate in patients with the fibrosis score 0−1 and in patients with the fibrosis score 2-3 was 64.8% (59/91) and 66.7% (14/21), respectively, the difference being statistically insignificant (p=0.09). All 9 patients with cirrhosis (F4) failed to achieve SVR, among them 8 patients were infected with genotype 1b and one patient was infected with genotype 3a.
Multivariate logistic regression analysis showed that only two factors increased the odds of achieving SVR independently and significantly: HCV genotype 3 [odds ratio (OR), 6 Thirteen of the 76 patients (17.1%) infected with HCV genotype 1b required dose reduction of PegIFN and/or ribavirin because of adverse events. Neutropenia below 0.75 x 109/l and haemoglobin level <100 g/l were the main reasons for dose reduction of PegIFN or ribavirin. Six patients who required dose reduction achieved SVR. Three patients who required dose reduction but discontinued treatment prematurely at week 44, also achieved SVR. Three patients were recognized as non-responders, and one patient stopped treatment because of intolerance of therapy.
DISCUSSION
Nowadays combination therapy with pegylated interferon plus ribavirin is the treatment of choice for chronic hepatitis C.
Our study was designed to evaluate the efficacy of Peg-IFN α-2a and ribavirin combination therapy in Estonian treatmentnaive patients infected with HCV genotypes 1b and 3a, and to analyse the factors that might affect treatment outcome.
For assessment of treatment efficacy, we used SVR which is defined as undetectable serum HCV RNA within 24 weeks after the end of therapy.
Response to PegIFN/RBV-based antiviral therapy is influenced by different factors related to virus or host characteristics (22−24) . Of the viral factors, HCV genotype has been identified as the most important baseline predictor for treatment response (25) . For patients infected with genotypes 2 or 3, combination therapy is highly effective, and a 24-week course of peginterferon plus ribavirin results in SVR for 70 to 80% of patients (26−30) . For patients infected with genotype 1 and 4 and especially with subtype 1b, which is the predominant subtype in Estonia, a full 48-week course of treatment leads to SVR rate for about 50% of patients (31−34) .
In our study we obtained similar data. Thus, the rate of SVR for patients infected with subtype 1b was twice as low as that for patients infected with genotype 3a (46.1% vs. 84.4%).
None-response is defined as failure to clear serum HCV RNA within 24 weeks after the start of therapy. Patients with recurrence of serum HCV RNA during the period between the end of treatment and 6 months thereafter are defined as relapsers. Relapse usually occurs in 10−15% of treated patients (35, 36) . The overall rates of non-response and relapse in our study were 13.2% and 12.4%, respectively, being significantly higher for patients with HCV genotype 1b (19.7% and 17.1%, respectively).
Measurement of the viral load before and during therapy is useful in monitoring of treatment efficacy. Patients with high baseline viral loads are less likely to achieve sustained virologic response compared with those with low viral loads, regardless of the genotype (37, 38) . We observed some difference in SVR rates between patients with pretreatment levels of viremia below 600,000 IU/mL and those with levels above 600,000 IU/mL (73% vs. 57%), but this difference did not reach significance.
In patients with chronic hepatitis C, advanced liver fibrosis and cirrhosis are associated with lower (up to 40%) rates of SVR to standard combined therapy (39, 40) . In our study, 65% of the patients with fibrosis score 0−1 and fibrosis stages 2−3 achieved SVR, while none of the patients with compensated cirrhosis (F4) achieved it. However, the small number (9/121) of these patients did not allow to make any relevant conclusions.
In general, patient-related factors negatively influencing therapy outcome are male gender (41, 42) and older age (43) . Our data demonstrated that SVR rate was higher for female than for male patients (69% vs. 55%), although the difference was not statistically significant.
The average age of patients infected with HCV is increasing, being currently 45−54 years, which is markedly different from the age 25−39 years in the past (44) . In previous prospective studies on the efficacy of PegIFN and RBV combination therapy, younger age was significantly correlated with SVR and patients younger than 40−45 years showed the best response rate (21, 23, 28, 45) .
In our study, half out of all treated patients were older than 40 years. The overall rates of SVR were significantly higher for patients younger than 40 years compared with older patients (p<0.01).
In general, approximately 75% of treated patients experienced one or more systematic side effects, while 10−16% of patients treated with peginterferon and ribavirin had to discontinue the therapy due to adverse effects (46−49) . In our study, 96.7% of patients experienced one or more side effects among which the most prevalent were fatigue, hematologic abnormalities and depression. However, adverse events were generally mild and the treatment discontinuation rate was therefore low.
Although so far several factors have been identified as predictors of treatment outcome, none of them is reliable for individualized prediction when used independently. Based on the results of our study, we made an attempt to find out which pretreatment factors might be associated with the response to combined therapy in Estonian patients infected with genotypes 1b and 3a. We demonstrated that only virus genotype (3a vs. 1b) and age younger than 40 years significantly predetermined SVR rate, while viral load and advanced liver fibrosis stage did not reach statistical significance among treatment-naive Estonian patients with chronic hepatitis C treated with Peg-IFN α-2a plus ribavirin.
A limitation of this study might be the selection bias arising from the National Guidelines for treatment of chronic hepatitis C, which does not recommend to treat all patients older than 63 years. The mean age of patients in our study was 40, and owing to the natural course of HCV it was unlikely to expect high number of patients with F3 or F4 stages at this age. Another limitation is that the number of patients selected for the study was smaller than in most previous treatment studies in which several hundreds of patients or more were enrolled (26) . However, the characteristics of patients in the present study were comparable to those reported previously and represent a true picture of CHC patients enrolled for treatment in Estonia.
Thus, the results of our single-centre study are generally consistent with the results of similar studies evaluating the efficacy of Peg IFN α-2a plus ribavirin in treatment-naive patients with CHC. Yet there is a clear need for getting deeper insights into the host and virus nature in order to optimize the possibilities of curing chronic hepatitis C infection in Estonia.
